On the Transmission and Distribution of Energy by the Electric Current by Siemens, C. William
This content has been downloaded from IOPscience. Please scroll down to see the full text.
Download details:
IP Address: 134.121.47.100
This content was downloaded on 02/10/2015 at 22:28
Please note that terms and conditions apply.
On the Transmission and Distribution of Energy by the Electric Current
View the table of contents for this issue, or go to the journal homepage for more
1879 Proc. Phys. Soc. London 3 52
(http://iopscience.iop.org/1478-7814/3/1/308)
Home Search Collections Journals About Contact us My IOPscience
52 D k  C. W. SIEMENS ON THE TRANSMISSION AND 
with the bands distinctive of that pole, I can best express my 
observations on the band spectrum of lightning by saying that 
it resembles in zl remarkable way the spectrum which is found 
at the negative pole of a vacuum-tube filled with oxygen which 
is slightly contaminated with carbonic oxide. 
VIII .  On the Transmission and Distvibution of Eneiyy hy the 
Elect& Cuwcnt. By C. WILLIAM SIEMENS, U .  C.L., 
F.R.S.* 
[Plate VIII.] 
IN the autumn of 187G, when standing below the Falls of 
Ningnra, the first impression of wonderment at the imposing 
spectacle before my eyes was followed by a desire to appre- 
ciate the aniount of force thus eternally spent without pro- 
ducing any other result than to raise the temperature of the 
St. Lawrence a fraction of a degree?, by the concussion of 
the water against the rocks upon which it falls. 
The rapids below the fall present a favourable opportunity 
of gauging the sectional area and the velocity of the river; 
and from these data I calculated that the fall represents energy 
equivalent to nearly 17 million horse-power, to produce which 
by steam would require about 260 inillion tons of coal a year, 01' 
just about the entire amount of coal raised throughout, the world. 
If ono fall represents such a loss of power, what inust be 
the aggregate loss throughout the world from siiiiilar causes ? 
and is it consistent with utilitarian priiiciples that such stores 
of energy should go almost entirely to waste? But the difi-  
culty arises, how such energy (occurring as it does for tho 
inost part in mountainous countries) is to Le conducted to 
centres of industry and population. 
Transiiiission by hydraulic arrangements or by coinpressed 
air would be very costly and wasteful for great clistaiices ; 
but it occurred to me that large amounts of energy, produced 
by means of the dynamo-electric current-generator, might be 
coiiveycd through a inetnllic conductor, such as a rod of 
copper fised upon insulating supports. Such a conductor 
would no doubt be esponsiw ; but, if' oncc established, the 
* Read Felmni.y %nil. 
j- l'ho vertical fall living 150 feet, tlie inwenee uf lenipcrnture woidd Le 
++; = 3" Fuhrcnheit nearly. 
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cost of maintenance would be very small, and its power of 
transmitting electric energy would be limited only by the 
heat generated in it through electric resistance. 
I n  venturing to give expression to my thoughts upon this 
subject, in my address to trhe Iron and Steel Institute in March 
1877, I stated that a copper rod 3 inches in diameter would 
be capable of transmitting energy to the extent of a thousand 
horse-power an hour a distance of 30 miles, there to givc 
motion to electrodyiiainic engines, or to produce illuiiiination 
sufficient to light up a town with 250,000 candle-power. 
Although this statement was considered by many a bold 
one at the time it w:is made, I now find that a conductor 
such as I then described inigkt be able to transmit three or 
four times the amount of power then named, and that the light 
producible per horse-power was also, according to our present 
more advanced state o i  knowledge, very much understated. 
No serious difficulty need be apprehended as  to the pro- 
duction of a current sufficient in amount to fill a conductor 
of such large proportions as here indicated. Although it 
would perhaps be impossible to construct a single dynnmo- 
electric machine of sufficient power for that purpose, any nmn- 
bcr of sinaller machines could be easily coupled up both for 
intensity and quantity to produce the desired aggregate amount. 
A difficulty would, however, arise at the other end, where 
tlie electric energy was to be applied, and where it \vould 
therefore be requisite to hare an arrangement for its distri- 
bution over a number of branch circuits, PO that each might 
receive such a proportion of thc total curreiit in the main 
conductor as to produce the nuinbcr of lights, or the ainouiit 
of power intended to be supplied. An accidental increase 
of resistance in one or other of the branch circuits would 
produce the double inconvenience of starving the circuits in 
which snch increased resistance liad occurred ai1d of supply- 
ing an excess of current to the other circuits. 
I n  order to carry out such n system of supply, it would bc 
neccssary to have tlie ineans of so regulating the currcnt in 
each branch circuit, that only a predetermined aiiiount should 
be allowed to flow through the s:ime ; it would be desirable 
also to furnish each circuit with tlie iiiciins of measuring :ind 
recordiiig the ainouiit of electric curreiit passed through the 
sallie in any period of' time. 
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I t  is my special purpose to bring before you an instrument 
by which these two purposes can be accomplished. The 
currentregulator (as represented in Plate XII.) consists 
principally of a strip of metal (of mild steel or fused iron by 
preference), which by its expansion and contractioli regulates 
the current passing through it;. This strip is rolled down to 
a thickness not exceeding 0.05 millim., and is of such rz 
breadth that the current intended to bo passed through the 
regulated branch circuit would raise the temperature of the 
strip to say 50' C. 
This strip of metal (A) is stretched horizontally between a 
fixed support and a regulating-screw (B), at which latter the 
current bnters, passing through the strip, and thence through 
a coil of German-silver wire (C) laid in the form of a collar 
round the centre, and connected at its other extremity with a 
binding-screw (D), whence the current flows on towards the 
lights or other apparatus to be worked by electricity. Upon 
its middle the strip carries a saddle of insulating material, 
such as ebonite, upon which rests a vertical spindle, support- 
ing a circular metallic disk (E), with platinum contacts 
arranged on its upper surface. Ten or any other number of 
short stout wires connect the helical rheostat at  equidistant 
points with adjustable contachcrews (F), standing above the 
platinum contacts on the surface of hhe metallic disk. These 
wires are supported upon the circular frame ( G )  of wood or 
other insulating material, but are free to be lifted off their 
support if the metallic disk should rise sufficiently to be brought 
into contact with the screws. These latter are so adjusted 
that none of them touches the metallic disk when it is in its 
lowest position, but that they are brought one after another 
into contact with the same as the disk rises ; and it will bc 
easily seen that for every additional contact-screw that is 
raised seriatim by the disk, a section of the helical rheostat 
between attachment and attachment is short-circuited by the 
metallic disk, and thus excluded froin the circuit. When the 
disk is in its uppermost position the whole of the rheostat is 
short-circuited, and the regulator offers no other resistance to 
the current than that of the horizontal strip itself. l n  setting 
the rcgulntor to work the regulating-screw (B) is d r ~ ~ w i i  011 
suficiently io b h g  the whole of the contact-screws into con- 
tact uit.11 thc disk. The passage of the current through the 
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strip will have the effect of' raising its temperature to an ex- 
tent commensurate with the electrical resistance; and in the 
same measure the strip itself will be elongated, and cause the 
spindle with the contactdisk to descend. 
Aiiothcr form of this instrument depends for its action 
upon the circumstance discovered by the Count du Moncel in 
1856, and more recently taken advantage of by Mr. Edison, 
that the electrical resistance of carbon varies inversely with 
the pressure to which it is subjected. A steel wire of 0.3 
millim. diameter is attached at one end to an adjusting- 
screw, B, and at the other to one end of a bell-crank lever, 
L, by means of which the pressure is brought to bear upon a 
pile of carbon disks, C, placed in a vertical glass tube. The 
current enters the instrument at the adjusting-screw B, and, 
passing through the wire and bell-crank lever, leaves below 
the pile of carbon disks. Its effect is to cause a rise of tem- 
perature in the steel wire, which, through its expansion, 
diminishes the pressure upon the carbon disks, and thus pro- 
duces an increase in their electrical resistance. This simple 
apparatus thus supplies a means of regulating the strength 
of small currents, so as to  vary only within certain narrow 
limits. 
According to Joule's law the heat generated in the strip 
per unit of time depends upon its resistance, and upon the 
square of the current j or 
H=C2R, :. C = 2 / : .  
On the other hand, the dissipation of heat by radiation de- 
pends upon the surface of the strip, and upon the difference 
between its temperature and that of the air. Therefore, in 
order that the current C may remain constant, it must, at 
every moment, be equal to the square root of the tempera- 
ture divided by the resistance ; and this function is performed 
automatically by the regulator, which throws in or takes out 
resistance in the manner described, according aa the tempe- 
rature lncreases or diminishes. 
The regulating instrument may also be adapted to the 
measurement of powerful electric currents, by attaching to 
the end of the sensitive strip a lever, with a pencil pressing 
with its point upon a strip of paper drawn under it in a 
parallel direction with the lever by means of clockwork, 0 
datum line being drawn on the strip by another pencil, The 
- 
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length of the ordinate between the two lines depends, in the 
first place, upon the current which passes at each moment, 
and, in the second place, upon the loss of heat by d i n t i o n  
from the strip. 
If R'is the resistance and H' the heat with a current C' 
and temperature T', then, by the lnw of Joule, 
and the loss by radiation is equal to 
in which Tr is the temperature of the strip, T that of the at- 
mosphere, and S the surface of the strip. 
Considering that the resistance wries as the absolute tem- 
perature of the conductor, according to a law first expressed 
by Helmholtz, the value of It may be put for R' for sinall 
variations of temperdure ; and as during an interval of con- 
stant current the heat generated and that radiated off will be 
equal, we obtain 
H' = R'C'', 
H' = (T' - T)S, 
in which Tr - T represents the movement of the pencil, and S 
is constant. 
For any other temperature T", 
P'' 1 T, C" =r 
For small differences of C" and C', 
that is to say, small variations of current will be proportional 
to the variations in the temperature of the strip. 
To determine the value of a diagram in Weber's or other 
units of current, it is only necessary, if the variations are not 
escessivo, to average the ordinates, and to determine their 
value by equation (l), or from a Table. 
These observations may suffice to show the possibility of 
regulating and measuring electric currents with an ease and 
certainty quite equal to that obtained in dealing with currents 
of liquids such as gas or water; and the time may not be far 
distant when the use of such an instrument will also beconie 
a public necessity. 
Other forms of the instrument will readily suggest them- 
selves to the mind of the constructivc engineer ; but, tho two 
typical forms I have described. on this occasion will suffic'o, 
(C" - C ' ) k  2C"( C" - C') ; 
think, to show its general character. 
